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O (54) Title: APPARATUS AND METHOD FOR ENDOSCOPIC CARDIAC MAPPING AND LEAD PLACEMENT 

O (57) Abstract: Apparatus and surgical methods establish temporary suction attachment to a target site on the surface of a beating. 
1^ heart for analyzing electrical signals or hemodynamic responses to applied signals at the target sites for enhancing the accuracy 
^5 of placement of cardiac electrodes at selected sites and for enhancing accurate placement of a surgical instrument maintained in 
O alignment with the suction attachment. A suction port on the distal end of a supporting cannula carries surface-contacting electrodes 
^ and provides suction attachment to facilitate temporary positioning of the electrodes in contact with tissue at the target site, and a 
^ clamping and release mechanism to facilitate anchoring a cardiac electrode on the moving surface of a beating heart at a selected 

site. Analyses of sensed signals or responses to applied signals at target sites promote epicardial mapping of a patient*s heart for 

determining optimum sites at which to attach cardiac electrodes. 
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APPARATUS AND METHOD FOR ENDOSCOPIC CARDIAC MAPPING 

AND LEAD PLACEMENT 

Technical Field: 

[0001] This invention relates to endoscopic cardiovascular surgical procedures 
and instruments, and more particularly to apparatus including a vacuum-assisted 
cannula and surgical instruments operable therewith, and to surgical procedures 
utiUzing such apparatus. 

Background of the Invention: 
[0002] Contemporary techniques for placing cardiac electrodes at selected 
locations suitable for sensing and pacing the heart commonly rely upon intravascular 
placement of an electrode within the left ventricle. Electrode placements by such 
techniques are not site specific but are only generally oriented within the region of 
the left ventricle of the heart. More specific electrode placement within the posterior 
lateral aspect of the heart between the mid-portion of the ventricle and the base of 
the heart would be desirable, for example, for implementing cardiac 
resynchronization therapy (CRT) on patients that may require accurate electrode 
placement. 

Summary of the Invention: 
[0003] In accordance with one embodiment of the present invention, a 
specialized instrument is advanced through an operating channel of an endoscopic 
caimula to place elements in controlled manner into the wall of a beating heart. 
When a needle is used to form an incision for placement, sufficient control must be 
provided to ensure that the needle does not puncture a cardiac vein or coronary artery 
and cause hemorrhage within the pericardial space, with subsequent cardiac 
tamponade. Movement of the beating heart fiirther complicates electrode placement 
because of erratic movement of the heart as sites for electrode placements are 
analyzed and placement of pacing electrodes on the surface of a beating heart must 
be carefiiUy performed to avoid puncture of a cardiac vein or coronary artery with 
concomitant complications. 



1 



wo 2005/044079 



PCT/US2004/034538 



[0004] In accordance with the illustrated embodiments of the present invention,, 
a substantially rigid cannula includes separate elongated lumens extending between 
distal and proximal ends of the cannula to provide an instrument channel and one or 
more separate vacuum channels at the distal end of the caimula. The instrument 
channel is sized to accommodate various surgical instruments including a device to 
anchor cardiac leads utilizing a hollow needle for penetrating the myocardium. The 
needle is configured for shallow penetration to avoid puncturing into a chamber of 
the heart with associated complications. The needle is sized to accommodate a guide 
channel housing epicardial pacing or defibrillating leads. Additionally, the cannula 
with separate lumens or channels therethrough may be incorporated into or disposed 
within an instrument channel of an endoscopic cannula that houses an endoscope 
aligned with a distal transparent tip. This assemblage of surgical instruments may be 
conveniently positioned through tissue disposed between a subxiphoid incision and a 
surgical site on the epicardium of a beating heart, or positioned through tissue 
disposed between a thoracotomy incision and a surgical site on the epicardium of a 
beating heart. In some cases, a laterally expandable sheath may be employed to form 
a working cavity in tissue to facilitate the placement of the vacuimi channel and 
instrument channel at the surgical site on the epicardium, as described in the 
aforecited related applications. 

[0005] In another embodiment of the present invention, a guide tube carries a 
suction tube slidably therein and supports a lead-placing channel thereon which 
includes rotatable or slidable half sections that house a cardiac pacing or 
defibrillatmg lead. The lead-placing channel can be configured to enclose a cardiac 
lead and to release the lead along a longitudinal slot therein that results from 
reconfiguring the channel by sliding or rotating the half sections after placement of a 
distal end of Ihe cardiac lead into the myocardium. The suction tube terminates at its 
distal end in a suction pod that carries unipolar or bipolar electrode contacts on its 
distal face for providing temporary suction attachment of the assembly and electrode 
contact at a selected surgical location on the epicardial surface of a beating heart. 
The suction pod is maneuvered along the epicardial surface of the left (or right) 
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ventricle for sensing electrical signals that can be analyzed with respect to various 
parameters. Once a desired site is identified, a cardiac electrode is manipulated 
within the placement channel to anchor the distal end of the cardiac lead in the 
myocardium while the placement channel is temporarily suction-anchored to the 
heart via the suction pod. 

[0006] In still another embodiment of the present mvention, an U-shaped body 
carries a needle and a guide channel. The guide chaimel can be configured to enclose 
a cardiac lead and to allow placement of a distal end of the cardiac lead into the 
myocardium. Additionally, the guide chaimel can be withdravra slightly to provide 
endoscopic visualization of the placement of a distal end of the cardiac lead into the 
myocardium. A suction port at the distal end of the U-shaped body provides 
teniporary suction attachment of the assembly at a selected surgical location on the 
myocardium of a beating heart while a cardiac lead is manipulated within the guide 
channel to anchor the distal end of the cardiac lead to the myocardium. 

Brief Description of the Drawings: 
[0007] Figure 1 is a side view of a vacuum-assisted insertion cannula in 
accordance with one embodiment of the present invention; 
[0008] Figure 2 is a side view of an endoscopic cannula for use with the 
insertion cannula of Figure 1; 

[0009] Figure 3 is a partial side view of the assembled cannulas of Figures 1 and 
2 in a surgical procedure; 

[0010] Figure 4 is a perspective partial view of a suction cup with associated 
sensing and pacing electrodes positioned therein for contacting the surface of the 
heart; 

[0011] Figure 5 is a perspective view of another embodiment of an insertion 
cannula in accordance with the present invention; 

[0012] Figures 6a and 6b comprise a flow chart illustrating a surgical procedure 
in accordance with the present invention; 

[0013] Figure 7 is a plan view of cardiac lead with screw-in electrode at the 
distal tip and with attached connector at the proximal end; 
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[0014] Figure 8 is a partial plan view of an insertion cannula in one 

configuration incorporating an open channel for placement of a cardiac lead; 

[0015] Figure 9 is a partial plan view of the insertion cannula of Figure 8 in a 

complementary configuration incorporating a closed channel; 

[0016] Figure 1 0 is a plan view of a releasable guide for a cardiac lead 

according to another embodiment of the present invention; 

[0017] Figure 11 is a partial plan view of the distal end of the releasable guide 

in the embodiment of Figure 10; 

[0018] Figure 12 is a partial plan view of the proximal end of the releasable 
guide in the embodiment of Figure 10; 

[0019] Figure 1 3 is a top view of the distal end of the releasable guide in the 
embodiment of Figure 10; 

[0020] Figure 14 is a perspective view of the distal end of the releasable guide 
according to the embodiment illustrated in Figure 10; 

[0021] Figure 15 is a partial plan view of a releasable guide in accordance with 
the embodiment illustrated in Figure 10; 

[0022] Figure 1 6 is a partial plan view of the releasable guide of Figure 1 0 
assembled within an endoscopic cannula; 

[0023] Figure 17 is a sectional view of the releasable guide of Figure 15; 
[0024] Figure 1 8 is a partial plan view of one embodiment of the proxunal end 
of the guide channel of the releasable guide of Figure 15; and 
[0025] Figure 19 is an end view of the proximal end of the guide channel of 
Figure 15. 

[0026] Figure 20 is a perspective cut away view of a cardiac lead delivery 
device m accordance with one embodiment of the present invention; 
[0027] Figure 21 is a partial cut away side view of the cardiac lead delivery 
device of Figures 20 in accordance with one embodiment of the present invention; 
[0028] Figures 22a, b, c and d are, respectively, top, side, end and bottom views 
of an U-shaped body in accordance with one embodiment of the present invention; 
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[0029] Figures 23a, b, c, and d are, respectively, top, perspective, side and end 
views of a needle in accordance with one embodiment of the present invention; 
[0030] Figure 24 is a perspective view of a guide channel in accordance with 
one embodiment of the present invention; 

[0031] Figure 25 is a partial plan view of another embodiment of the suction 
port in accordance with one embodiment of the present invention; 
[0032] Figure 26 is a partial side view of the cardiac lead delivery device of 
Figures 20 with a guide channel encasing a cardiac lead advanced in accordance with 
one embodiment of the present invention; 

[0033] Figures 27A and 27B are, respectively, partial plan and perspective 
views of the distal end of the releasable guide in accordance with one embodiment of 
the present invention; 

[0034] Figure 28 is a perspective view of an open clamp according to one 
embodiment of the present invention; 

[0035] Figure 29 is a perspective view of the clamp of Figure 28 disposed in 
another operational configuration according to one embodiment of the present 
invention; 

[0036] Figure 30 is a perspective view of the clamp of Figure 28 disposed in 
another operational configuration according to one embodiment of the present 
invention; 

[0037] Figure 3 1 is a perspective view of a cardiac lead delivery device with a 
needle advanced along a U-shaped body in accordance with one embodiment of the 
present invention; 

[0038] Figure 32 is a perspective view of a cardiac lead delivery device with a 
needle and guide channel advanced along a U-shaped body in accordance with one 
embodiment of the present invention; 

[0039] Figure 33 is a cut-away perspective view of the cardiac lead delivery 
device of Figure 32 with a guide channel slightly withdrawn in accordance with one 
embodiment of the present invention; 
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[0040] Figure 34 is a cut-away perspective view of the cardiac lead delivery 
device of Figure 32 with the clamp undamped and a needle withdrawn from a heart 
incision in accordance with one embodiment of the present invention; 
[0041] Figure 35 is a cut-away perspective view of the cardiac lead delivery 
device of Figure 32 with the guide channel completely withdrawn in accordance with 
one embodiment of the present mvention; and 

[0042] Figure 36 is a flow chart illustrating a surgical procedure for implanting 
a cardiac lead in accordance with one embodiment of the present invention. 

Detailed Description of the Invention: 
[0043] Referring now to Figure 1, there is shown one embodiment of a suction 
assisted insertion cannula 10 according to the present invention including a closed 
chamiel 9 and a superior chaimel 1 1 attached to the closed channel. The closed 
channel 9 includes a suitable hose connection 13 and a three-way vacuum control 
valve 15 including an irrigation port 16 at the proximal end. A three-way valve 15 
on the cannula 9 allows suction in the pod 17 to be tumed on or off, and allows 
irrigation fluid such as saline to be injected through the suction pod 17 at the distal 
end while suction is tumed off. The suction pod 17 includes a flexible, resilient 
suction cup with a porous distal face 19 or suction ports that serves as a vacuum port. 
The distal surface of the suction cup includes one or more surface electrodes 8, 12 as 
shown in Figure 4, for contacting a surface of the heart. The surface electrodes 8, 12 
carried by the suction cup 17 can be positioned against the epicardium to facilitate 
electrical contact during temporary vacuum-assisted fixation as a result of the 
reduced air pressure of vacuum supplied to the suction pod 17. The distal end of the 
superior channel 1 1 that is attached to the closed channel 9 may thus be held in 
accurate fixation in alignment with a selected surgical site on the epicardium relative 
to the suction fixation location of the suction pod 17 on the epicardium. Electrical 
conductors 22, 24 connect to the surface electrodes 8, 12 and traverse the length of 
the suction channel 9 to facilitate connection thereto of diagnostic equipment that 
analyzes electrical signals sensed by the surface electrodes 8, 12 held in contact with 
the epicardium. 
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[0044] The superior channel 1 1 is sized to accommodate slidable movement 
therein of a cardiac lead 21 in a configuration as shown, for example, in Figure 7. 
Such cardiac lead exhibits lateral flexibility and torsional and axial rigidity over its 
length between the proximal end and the helical or corkscrew anchor electrode 25 at 
the distal end to faciUtate screwing the helical anchor 25 into myocardium by 
rotating the proximal end of the cardiac lead 21. The superior channel 1 1 may be 
about 2-2,5 mm in diameter with an internal bore of sufficient size to accommodate a 
cardiac lead 21 of diameter up to approximately 2 mm in diameter. 
[0045] The suction pod 17 includes a flexible, resilient suction cup 19, as shovm 
in Figure 4, that may be mounted in alignment with the closed channel 9 which 
serves as the vacuum channel, or may be mounted in skewed orientation thereto for 
convenient positioning of the surface electrodes 8, 12 about the epicardium. Each of 
the surface electrodes 8, 12 is connected to a conductor 22, 24 that extends along the 
vacuum channel 9 to a proximal location at which a diagnostic instrument of 
conventional design such as a cardiac pace/sense analyzer (PSA), for example, may 
be connected. Such diagnostic instrument senses the electrical signals on the surface 
electrodes 8, 12 operating in bipolar or unipolar mode at various locations on the 
epicardium to analyze various parameters such as maximum depolarization interval 
or maximum ventricle-to-ventricle timing for identifying a site of maximum 
therapeutic benefit from apphed pacing signals. 

[0046] Alternatively, pacing signals can be supplied to the surface electrodes 
via conductors 22, 24 and specific hemodynamic parameters such as degree of mitral 
valve regurgitation, fractional ejection volume, cardiac output, and the like, can be 
analyzed to identify the specific site for maximum therapeutic value derived from 
pacing signals applied thereto. 

[0047] Such examination of the electrical signals present at various sites on the 
epicardium of a beating heart, or analyses of hemodynamic responses to pacing 
signals supplied at various sites on the epicardium, constitute epicardial mapping that 
promotes optimal electrical pacing therapies following a myocardial infarct, or to 
enhance cardiac resynchronization. 
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[0048] A cardiac lead implanted in the heart at a site determined by the 
proced]Lire described above is extended out through a small initial incision in the 
patient, and the proximal end may then be tunneled subcutaneously from the initial 
incision to an incision in the patient's upper chest where a pacemaker or defibrillator 
will be located for connection to the cardiac electrode 21. 
[0049] The superior channel 1 1 is longitudinally slotted for placing a cardiac 
lead that may incorporate a large diameter connector 26, as illustrated in Figure 7. A 
split sheath can be positioned around the cardiac lead 21 to facilitate advancement 
and rotation of the cardiac lead within the closed superior channel 11. After 
anchoring a cardiac lead 21 in the myocardium, for example by screwing in the distal 
tip 25, the slotted superior channel 11 is opened by rotating mating element 18 in the 
superior channel 1 1, as illustrated in Figures 8 and 9, to allow release of the cardiac 
lead 21 from the superior channel 1 1 . 

[0050] The structure according to this embodiment of the invention, as 
illustrated in Figure 1, is disposed to slide within the instrument channel 28 in an 
endoscopic cannula 27, as shown in Figure 2. This cannula includes an endoscope 
29 therein that extends from a tapered transparent tip 3 1 attached to the distal end, to 
a viewing port 33 at the proximal end that can be adapted to acconunodate a video 
camera. In this configuration, the structure as illustrated in Figure 1 may be 
positioned within the instrument channel in the caimula 27 of Figure 2 to position the 
suction pod 17 and a distal end 25 of a cardiac lead 21 in alignment with a surgical 
target on the heart, as illustrated in Figure 3, The suction pod 17 is temporarily 
affixed to the epicardium in response to suction applied to the porous face 19 of the 
suction pod 17 under control of a suction valve 15, with the surface electrodes 8, 12 
carried on the distal face of the suction cup disposed in contact with epicardium at a 
test site. Following selection of a site for maximum therapeutic benefit in the 
manner as previously described, the cardiac lead 21 may then be advanced and 
rotated from the proximal end to anchor the distal end 25 into the myocardium at an 
accurately positioned surgical site, all within the visual field of the endoscope 29 
through the transparent tip 3 1 . 
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[0051] As illustrated in Figures 2 and 3, the various channels in the endoscopic 
cannula 27 and the insertion cannula 10 have specific orientations with respect to 
each other in order to provide stabilization on the epicardial surface and allow visual 
control of the electrode attachment process. In the endoscopic cannula 27, the 
instrument channel is positioned below the endoscopic channel and this allows the 
cannula 27 and the transparent tapered tip 3 1 on the endoscope 29 to retract the 
pericardium 93 away from the epicardial surface of the heart at the operative site. 
This creates a space 95 for contacting the heart below the pericardium, as illustrated 
in Figure 3. As the insertion cannula 9 is advanced forward out of the mstrument 
channel of the endoscopic cannula 27, the suction pod 17 is visualized through the 
endoscope 29 and transparent tip 3 1, as the suction pod 17 is placed on the epicardial 
surface of the heart. At a selected site on the heart, for example, at the site of an old 
myocardial infarct, the suction is activated to attach the pod 17 to the heart with the 
surface electrodes 8, 12 in contact with the epicardium. The configuration of tiie 
superior channel 1 1 of the insertion cannula 10 on top of the suction channel 9 
allows the superior channel 1 1 and the suction pod 17 to be visible upon exiting from 
the instrument channel of the cannula 27, and to mauitain visualization of the cardiac 
lead 21 within the visual field of the endoscope along the path of travel from the 
insertion carmula 10 to contact with the epicardium. 

[0052] The configuration of the suction pod 17 with the distal surface of the 
suction cup oriented substantially normally to the insertion cannula 10 facilitates 
delivery of a cardiac electrode substantially perpendicular to the epicardial surface. 
In some situations, it is particularly desirable to have a cardiac electrode enter the 
myocardium in an orientation that is generally perpendicular to the epicardial surface 
for secure anchoring in the myocardium. Generally, the insertion cannula 10 is 
advanced through the endoscopic carmula 27 and approaches the epicardial surface 
of the heart at a tangential angle. Accordingly, the insertion caimula 10 may be 
configured to facilitate deforming the epicardial surface in order to achieve 
perpendicular entry of the distal end 25 of a cardiac lead 21 into the myocardium, as 
illustrated in Figure 3. The suction pod 17 of the msertion carmula 10 temporarily 
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attaches to the epicardial surface upon application of vacuum under control of the 
valve 15. Downward pressure can be exerted on the epicardial surface via the 
substantially rigid insertion cannula 10. The pliable myocardium thus deforms to 
create a surface ledge 100 distal to the suction pod 17 oriented perpendicular to the 
axis of the superior instrument channel 1 1 of the insertion cannula 10, as illustrated 
in Figure 3. As the cardiac lead 21 is advanced, the distal end electrode 25 enters the 
myocardium generally perpendicularly to the epicardial surface as thus deformed for 
desirable lead placement, 

[0053] Referring now to Figures 3 and 4, it should be noted that the insertion 
cannula 10 is sized to fit in slidable orientation within the instrument channel of 
about 5-7 mm diameter in the endoscopic cannula 27. The outer dimensions of the 
suction pod 17 are flexible and resilient for confinement in less than 5-7 mm 
diameter. Alternatively, the suction cup of the suction pod 17 may be skewed 
laterally relative to the suction channel 81, as illustrated in Figure 1 1. In each 
embodiment, the suction channel 9, 81 is laterally displaced from the superior 
channel 1 1, 85 to avoid obstructing the forward movement of the cardiac lead 21 
past the suction pod 17, 91. 

[0054] Referring now to Figure 5, there is shown a perspective view of another 
embodiment of an insertion cannula 35 similar to insertion cannula 10 described 
above, including an elongated body 36 having a central bore 37, and including one or 
more eccentric channels 39 that serve as suction conduits. The central bore 37 may 
be sized to slidably support surgical instruments 41 therein such as a cardiac lead 21 
disposed within a sheath, or the like. The suction pod 17 attaches to the epicardial 
surface while suction is applied to facilitate surface electrodes 38, 42 contacting the 
heart at the desired site under direct endoscopic visualization for precise cardiac 
mapping in response to signals sensed by the surface electrodes 38, 42 operating in 
bipolar or unipolar configuration. 

[0055] The suction channels 39 in the cannula 35 of Figure 5 may form a 
suction attachment surface at the distal end of the cannula 35, or may be disposed in 
fluid communication with a suitable suction pod with a porous distal face and with a 
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central opening in alignment with the central bore 37. The suction-attaching distal 
face provides an opposite reaction force against a tool that exerts a pushing force 
such as a screw-in tip 25 of a cardiac lead 21, or other device deployed through the 
central bore 37 of the cannula 35. The proximal ends of the eccentric channels 39 
are connected via a manifold or fluid-coupling collar 43 to a vacuum line 45, and 
conductors 46, 50 connected to the surface electrodes 38, 42 extend through the 
cannula 35 to the proximal end thereof to facilitate connection thereto of 
conventional diagnostic instrumentation. Altematively, a single channel 39 may 
communicate with an annular recess or groove disposed concentrically about the 
central bore 37 within the distal end to serve as a suction-assisted attachment surface. 
[0056] In this configuration, a cardiac lead 2 1 slidably disposed withm the 
central bore 37 may be extended beyond the distal end of the caimula 35, within the 
visual field of an endoscope. The distal end 25 of the cardiac lead 21 can be oriented 
in alignment with a target site on the epicardium prior to supplying suction thereto to 
temporarily affix the caimula 35 in such position with surface electrodes 38, 42 in 
contact with the epicardium. A cannula 35 formed of transparent bioinert material 
such as polycarbonate polymer facilitates visual alignment of the cannula 35 and the 
surface electrodes 38, 42 with a target site, without requiring initial extension of a 
cardiac lead 21 forward of the distal end within the visual field of an endoscope. In 
an alternative embodiment, the central lumen or bore 37 may serve as a suction 
lumen with multiple surface electrodes 38, 42 disposed about the central bore 37. 
[0057] Referring now to the flow chart of Figures 6a, 6b, the surgical procedure 
for epicardially mapping the beating heart of a patient in accordance with one 
embodiment of the present invention proceeds from forming 5 1 an mitial incision at 
a subxiphoid location on the patient. The incision is extended 52 through the 
midline fibrous layer (linea alba). The tissue disposed between the location of 
subxiphoid incision and the heart is bluntly dissected 53, for example, using a blunt- 
tip dissector disposed within a split-sheath cannula of the type described in the 
aforecited Related Applications. The channel thus formed in dissected tissue may 
optionally be expanded 55 by dilating tissue surrounding the channel, for example. 
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using a balloon dilator or the split-sheath cannula referenced above, in order to form 
a working cavity through the dissected and dilated tissue, although this may be 
unnecessary. 

[0058] An endoscopic cannula, for example, as illustrated in Figure 2 including 
an endoscope and a lumen for receiving surgical instruments therein is inserted 57 
into the working cavity through the subxiphoid incision toward the heart to provide a 
field of vision around a target site on the heart, and to provide convenient access via 
the lumen for surgical instruments of types associated with surgical procedures on 
the heart. One such instrument is a pericardial entry instrument, as described in the 
aforecited Related Applications, which generally grasps the pericardixmi in a side- 
bite manner to form an elevated ridge of tissue through which a hole can be safely 
formed without contacting the epicardial surface. Once the pericardium is penetrated 
58, other instruments can be inserted through the hole and into the working space 58. 
One such instrument is an insertion cannula, for example, as illustrated in Figure 1, 
that includes a suction channel and a superior channel and is slidably supported 59 
within the instrument lumen of the endoscopic cannula. The suction channel of such 
mstrument extends through the length thereof from a proximal end to a suction pod 
at the distal end that can be extended into contact 61 with the beating heart of the ^, 
patient at a selected target site. The suction pod can be carefully positioned on the 
epicardium under visualization through the endoscope, and the suction can be 
appHed to establish temporary attachment of the insertion cannula to the epicardium 
and to establish contact of surface electrodes with the epicardium. The electrical 
signals sensed on the surface electrodes may be analyzed 62 for various timmg 
characteristics such as maximum depolarization interval or maximum (left) ventricle 
to (right) ventricle conduction timing, or the like. The electrical signals sensed in 
this manner at various sites about the heart including the posterior lateral aspect or 
various locations on the left ventricle of the heart, for example, with respect to a 
synchronizing reference event, thus facilitate selection 64 of one or more optimal 
. sites for maximima therapeutic benefit from applied electrical pacing signals. 
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[0059] Alternatively, pacing signals may be applied to the epicardium via 
surface electrodes 38, 42 positioned at various sites about the heart in order to 
analyze 63 the heart's responses relative to specific hemodynamic parameters such 
as degree of mitral valve regurgitation, fractional ejection volume, cardiac output, 
and the like. 

[0060] Once a site has been selected in this manner to provide maximum 
therapeutic benefit from appUed pacing signals, a cardiac lead is installed 65 at the 
selected site by advancing and rotating the distal end electrode into the myocardium 
for good physical anchoring and electrical conduction. 

[0061] The msertion cannula is then reconfigured 66 to open a longitudmal slot 
in the superior channel in order to release the anchored cardiac lead so that the 
insertion cannula can be removed 67 from the site through the instrument channel of 
the endoscopic cannula, leaving the cardiac electrode anchored in the myocardium at 
the selected site. One or more cardiac leads may be installed in this manner, after 
which the endoscopic caimula is also removed 69 from the working cavity. A pacing 
unit is then miplanted 70 in the patient's chest near the clavicle, or the abdomen near 
the subxiphoid incision, and is connected to the one or more installed cardiac leads 
to deliver requisite pacing signals. The initial subxiphoid entry incision is then 
sutured closed 71 to conclude the surgical procedure. 

[0062] The endoscopic cannula and pericardial entry instrument may also be 
applied from a thoracotomy incision to gain access to the heart. A 2 cm incision is 
performed in an intercostal space in either the left or the right chest. Ideally, the 
incision is made between the midclavicular line and the posterior axillary line. The 
incision is extended through the intercostal muscles and the pleura, until the pleural 
cavity is entered. The endoscopic cannula is then inserted into the pleural cavity and 
advanced to the desired area of entry on the contour of the heart, visualized within 
the pleural cavity. The pericardial entry instrument and procedure as described in 
the aforecited Related Applications are used to grasp the pleura, as a concentric 
tubular blade cuts a hole in the pleura to expose the pericardium undemeath. The 
pericardium is then grasped by the pericardial entry instrument, and the tubular blade 
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is used to cut a hole in the pericardium, allowmg access to the heart. The transparent 
tapered tip 3 1 of the endoscopic cannula 29 aids in pleural and pericardial entry by 
retracting lung and pleural tissue that may impede visualization of the pericardial 
entry site. Once the pericardium is entered, the endoscopic cannula 29 may be 
moved around to visualize anterior and posterior epicardial surfaces as target sites 
for sensing surface electrical signals or for applying pacing signals in the manner as 
previously described herein. 

[0063] Referring now to plan view of Figure 1 0, there is shown an assembly of 
suction tube 81 slidably disposed within a guide tube 83 to which is mounted a 
lower, slotted segment 85 of a guide chaniiel. An upper, slotted segment 87 of the 
guide channel is slidably or rotatably received within the lower slotted segment 85 
and a cardiac pacing or defibrillating lead 89 is housed within the guide channel that 
is configured in the one orientation of the upper and lower segments forming closed 
guide channel. Another configuration of the upper and lower segments of the guide 
channel, as later described herein, forms an open channel or slot, as shown in Figure 
13 later described herein, for convenient release of the cardiac lead 89. 
[0064] The suction tube includes a suction pod 9 1 at the distal end thereof and a 
suction-line connection fitting 94 at the proximal end for convenient hose or tubing 
attachment to a source of vacuum. Optionally, the connection fitting 94 may include 
a suction control valve 88 for adjusting the suction attachments of the suction pod to 
the epicardium of a patient's heart. Surface electrodes 96, 98 disposed on the tissue- 
contacting surface of the suction pod 91 are connected via conductors 90, 92 that 
extend beyond the proximal end of the assembly for attachment to diagnostic or 
therapeutic equipment. 

[0065] The cardiac pacmg or defibrillating lead 89 is slidably and rotatably 
housed within the guide channel 85, 87 in the closed configuration, and includes a 
helical or screw-in electrode 97 attached to the distal end of the cardiac lead 89, as 
illustrated in Figure 11. This greatly facilitates electrically connecting and 
mechanically anchoring the electrode in the myocardium of a patient's beating heart 
at a selected site by rotating and advancing the proximal end 99 of the cardiac lead 
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89 within the guide channel 85, 87. For this purpose, the cardiac lead 89 exhibits 
high torsional and compressional rigidity and high lateral flexibility so that the 
electrode 97 may be accurately manipulated into screw-like attachment to the 
myocardium at the selected site via manual manipulation of the proximal end 99 of 
the cardiac lead 89. Such cardiac lead 89 may include braided multiple strands of 
wire coated with a layer of insulating material such as Teflon, or the like. The 
accuracy of placement of the screw-in electrode 97 in the myocardium of a patient's 
beating heart is significantly enhanced by temporary suction attachment of the 
suction pod 91 to the pericardium or exposed myocardium. The suction pod 91 
including a flexible, resilient suction cup with one or more surface electrodes 96, 98 
may be disposed in lateral or skewed orientation relative to the elongated axis of the 
suction tube 81. This facilitates the temporary suction attachment of the surface 
electrodes 96, 98 during analysis of sensed signals or hemodynamic properties of the 
heart. Following selection of an electrode site, the electrode 97 at the distal end of 
the cardiac lead 89 is slidably guided within the guide channel 85, 87 (which is 
disposed in skewed orientation relative to the suction pod 91 and vacuum tube 81) 
and is rotated to anchor the electrode 97 into the myocardium. 
[0066] After the electrode 97 on the distal end of the cardiac lead 89 is anchored 
into the myocardium of a patient's beating heart, the guide channel that houses the 
cardiac lead 89 may be re-configured into the alternate configuration including an 
open slot along the length of the guide channel, as illustrated in Figure 13, from 
which the cardiac lead 89 may be easily extracted or released. This open slot 
configuration may be achieved by sliding the upper segment 87 proximally along the 
lower segment 85, as illustrated in Figure 12, or by rotating the upper segment 87 
within the lower segment 85, as illustrated in Figure 14. In this way, a longitudinal 
slot or groove is opened along the entire length of the guide channel that is wide 
enough to extract the cardiac lead 89 therethrough. This is particularly important for 
anchoring a cardiac lead 89 of about 2mm diameter that includes a proximal 
connector 99 which is too large to pass through a guide channel 85, 87 of reasonable 
interior dimension. 
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[0067] As illustrated in the perspective view of Figure 14, a suction cup with 
surface electrodes 96, 98 disposed in suction pod 91 is oriented in skewed 
substantially perpendicular orientation relative to the elongated axis of the guide 
channel that is formed by the upper and lower segments 87, 85. This facilitates 
establishing temporary vacuum-assisted attachment of the suction pod 91 to the 
epicardium, or to myocardium exposed via the entry under the pericardium, that can 
then be distorted by manual application of axial or lateral force at the proximal end 
of the instrument in order to position one or more of the surface electrodes 96, 98 at 
the proper location and angle for analyzing electrical signals or hemodynamic 
responses to applied pacing signals at a target site on the patient's beating heart. 
[0068] Referring now to the partial plan view of Figure 1 6 and the sectional 
view of Figure 17, there is shown a non-round guide tube 83 that is attached to the 
lower segment 85 of the guide channel and that slidably supports therein the suction 
tube 81 of corresponding non-round cross section. In this way, the guide channel 
formed by segments 85, 87 is retained in substantially parallel axial alignment with 
the suction tube 81 as the suction pod 91 and the distal end of the guide channel are 
relatively slidably positioned near and against the epicardium of a patient's heart. In 
addition, as illustrated in the partial sectional view of Figure 17, the assembly of 
guide tube 83 and suction tube 81 and guide channel 85, 87 may all be disposed 
within the instrument chaimiel of an endoscopic cannula 101 having a distal end 
disposed to facilitate endoscopic viewing of the suction pod 91 and the distal end of 
the guide channel 85, 87. Also, the upper and lower segment 85, 87 of the guide 
channel may include stepped flanges 103, 105 at the proximal ends thereof, as 
illustrated in Figures 15, 18 and 19, to facilitate positive orientation of the upper and 
lower segments 85, 87 in the closed configuration until the upper segment 87 is slid 
proximally, or slid proximally and rotated, relative to the lower segment 85 in order 
to re-configure the guide channel in the alternate configuration of an elongated open 
slot along the entire length thereof. As shown in the sectional view of Figure 17, the 
upper 87 segment can be rotated in the lower segment 85 from the closed 
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configuration in order to align the respective elongated slots sufficiently to release a 
cardiac lead 89 from within the guide channel. 

[0069] Referring now to Figure 20, there is shown another embodiment of a 
cardiac lead delivery device 210 according to the present invention. The cardiac lead 
delivery device 210 includes a housing 212. An U-shaped elongated body 21 1 is 
attached to the distal end of the housing 212. Referring to Figures 22a-d, the U- 
shaped elongated body 211 can be hollow and includes a suitable hose connection 
213 for connection to a vacuum source at the proximal end, and the distal end of the 
U-shaped body 211 may be angled relative to the elongated axis of the body 21 1, as 
shown the angled distal end of the U-shaped body 211 includes a U-shaped suction 
that is confined within boundary walls disposed substantially in a plane that is 
skewed at an acute angle relative to an elongated axis of the cardiac lead delivery 
device 210. An upward orientation of the U-shaped body 21 1 is preferred for better 
visualization of a cardiac lead that is disjposed within the U-shape during placement. 
In addition, the suction port 217 may comprise two separate chaimels as illustrated in 
Figure 25 that are positioned on opposite sides of the distal end of the elongated 
body 211. 

[0070] The suction port 2 1 7 at the distal end of the Urshaped body 2 1 1 can be 
positioned against the epicardium to facilitate temporary fixation thereto resulting 
from reduced air pressure of vacuum supplied to the hose 213. The distal end of the 
U-shaped body may thus be held in accurate temporary fixation in alignment with a 
selected surgical site on the epicardium relative to the suction fixation location of the 
suction port 217 on the epicardium. The angled suction port 217 may also be used to 
apply gentle pressure on the epicardium to stop bleeding at small puncture sites in 
the epicardium. 

[0071] The U-shaped body 21 1 is sized to accommodate slidable movement 
therein of a hollow needle 221 that is connected a bulkhead 214 located inside the 
housing 212. Referring to Figures 23a-d, the needle 221 may exhibit lateral 
flexibility over its length at the proximal end to the sharpened distal end 225. When 
used to place pacing or defibrillating leads, the needle 221 may be about 2-3 mm in 
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diameter with an internal bore of sufficient size to accommodate a lead and guide 
channel of diameter up to approximately 2 mm in diameter. It should be noted that 
the cardiac lead delivery device 210 is sized to fit in slidable orientation within the 
instrument channel 28 of about 5-10 mm diameter in the endoscopic cannula 27, as 
illustrated in Figure 2. 

[0072] Referring now to the cut away partial plan view of Figure 2 1 , there is 
shown an assembly of suction port 217 of the cardiac lead delivery device 210 in 
which a needle 221 is slidably disposed within the U-shaped body 211. The guide 
chamiel 287 is slidably and rotatably received within the needle 221 and a cardiac 
pacing or defibrillating lead 289 is housed within the guide channel 287. 
[0073] The guide channel 287 is coupled to an actuation arm 215, as illustrated 
in Figure 20, that is slidable along the housing 212. The cardiac pacing or 
defibrillating lead 289 is slidably and rotatably housed within the guide channel 287 
in the closed configuration, and includes a helical or screw-in electrode 297 attached 
to the distal end of the cardiac lead 289, as illustrated in Figures 27A and 27B. The 
suction port 217 facilitates the temporary suction attachment while the electrode 297 
at the distal end of the cardiac lead 289 that is slidably guided witiiin the guide 
chamiel 287 (which is disposed in substantially fixed axial orientation relative to the 
suction port 217) is being anchored into myocardium. 

[0074] A sled 21 6, as illustrated in Figures 20, 28-35, is located proximally of 
the bulkhead 214 and is slidable within the housing 212. In one embodiment, the 
sled 2 1 6 is temporarily referenced against the bulkhead 2 1 4 by a pair of resilient 
detents 218. Clamp 219 with arms 223 is pivotally mounted on sled 216 for 
activation between opened and clamped configurations by a slide 220. The clamp 
219 is open when the slide 220 is positioned near the distal end of the sled 216 as 
illustrated in Figure 28. The cardiac lead 289 is placed between the two clamp arms 
223 and within the guide channel 287 that is positioned within the needle 221. When 
the slide 220 is positioned midway on the sled 216 as illustrated in Figure 29, the 
cardiac lead 289 is loosely clamped in place for easier maneuverability. When the 
slide 220 is positioned against the clamp arms 223 and at the proximal end of the 
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sled 216, the clamp 219 is fully engaged and the cardiac lead 289 is firmly clamped 
within the clamp arms 223, as illustrated in Figure 30. 

[0075] The suction hose 213 is disposed above the slide 220 and located within 
the U-shaped body 21 1 . In one embodiment, a wedge 222 holds the suction 213 out 
ofthe way of the cardiac lead 289. In another embodiment, the suction hose 213 
exits the housing 212 distal the bulkhead 214. 

[0076] Referring now to Figure 3 1 , after the cardiac lead 289 is secured within 
the clamp arms 223 of clamp 219, the actuation arm 215 is moved distally forward to 
abut the bulkhead 214 which in turns moves distally forward advancmg the needle 
221 that is attached to the bulkhead 214. Next, as shown in Figure 32, the actuation 
arm 215 moves further distally, causing the sled 216 and the guide channel 287 to 
move forward which in turn causes the cardiac lead 289 to slide along the needle 221 
into the heart. In another embodiment, moving the actuation arm 215 distally causes 
the sled 216 to bimip against the detents 218 creatmg a friction stop. The guide 
channel 287 may be angled distally, as illustrated in Figure 24, to move heart tissue 
away from the incision caused by the needle 221 . 

[0077] After the electrode 297 on the distal end of the cardiac lead 289 is 
positioned into the myocardium of a patient's beating heart, the actuation arm 215 is 
pulled proximally to abut against the clamp arms 223, as illustrated m Figure 33. 
These inovements ofthe actuation arm 215 results in the guide channel 287 being 
withdrawn slightly through the U-shaped body 211 to provide better endoscopic 
visualization ofthe placement ofthe distal end of a cardiac lead in a patient's heart. 
The cardiac electrode 297 is rotated and anchored by hand into the correct position. 
The slide 220 is then moved distally to unclamp the cardiac electrode 297 from the 
clamp 219. The elecfrode 296 remains anchored m the patient's heart as the actuation 
arm 215, coupled with the guide channel 287, is completely withdrawn from the 
housmg 212 at the same time that the bulkhead 214 is moved proximally within the 
house to remove the needle 221 from the heart incision, as shown in Figures 34 and 
35. 
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[0078] The placement of the suction port 2 1 7 at the distal end of the lead 
placement assembly facilitates establishing temporary vacuum-assisted attachment 
of the suction port 217 to the epicardium (or to myocardium that is exposed via the 
entry under the pericardium) which can then be depressed or otherwise distorted by 
manual application of axial or lateral force at the proximal end of the instrument in 
order to position the electrode 297 at the proper location and angle for anchoring in 
the myocardium of the patient's beatmg heart. 

[0079] In operation, as illustrated in the flow chart of Figure 36, the initial 
surgical procedures are performed in a manner as previously described in the 
aforecited related applications from the initial incision 251 through to the insertion of 
the endoscopic cannula 257. Thereafter, the releasable guide assembly, including U- 
shaped body 21 1, needle 221 and guide channel 287, is slid through the endoscopic 
cannula 309 toward the heart. The suction port 217 is advanced into contact with the 
myocardium through the penetrated pericardium and suction is established to 
temporarily anchor 3 10 the suction port 217 at a desired surgical site. A cardiac lead 
289 with a screw-in electrode 297 on the distal end of the cardiac lead is positioned 
at or near the distal end of the guide channel 287 in the closed configuration as the 
guide channel is advanced 3 12 toward the desured surgical site adjacent the 
temporary anchor site of the suction channel 2 1 1 on the myocardium. The guide 
channel is withdrawn slightly to provide endoscopic visualization of the cardiac lead 
in the heart mcision. The proximal end of the cardiac lead 289 may now be manually 
manipulated to screw in the electrode 297 at the distal end into the myocardium to 
thereby anchor 313 the cardiac lead 289 in the myocardium. 
[0080] The guide channel 287 may now be completely withdrawn from the 
patient's body. Thereafter, the assembly of U-shaped body 21 1 and needle 221 may 
be retracted from the instrument chaimel of the cannula 27, and the endoscopic 
carmula 27 may be removed 316 from within the working cavity, with the cardiac 
lead 289 in position therein. A subcutaneous tract is formed from the subxiphoid 
incision to the location of the pacing or defibrillation generator, usually placed in the 
patient's upper chest, and the cardiac lead is then connected to the generator 317. 
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The subxiphoid (or other) incision is sutured closed to complete the surgical 
procedure. Of course, the surgical procedures described above including steps 309- 
315 may be performed multiple times in order to anchor multiple cardiac leads in the 
myocardium prior to removing 3 16 the endoscopic cannula and suturing 318 the 
initial incision closed. 

[0081] Therefore the surgical apparatus and methods of the present invention 
promote careful placement of surface electrodes on the epicardial surface for 
electrocardial mapping of a beating heart. In addition, the present invention promotes 
careful placement of a needle or electrode or other surgical instrument on llie surface 
of a beating heart by temporarily affixing the distal end of a guiding cannula at a 
selected position on the heart in response to suction applied to a suction port in a 
structure that supports the surface electrodes. The guiding cannula can be positioned 
through a working cavity formed in tissue between the heart and a subxiphoid or 
other entry incision to minimize trauma and greatly facilitate surgical treatment of a 
beating heart. Such treatments and procedures include initial sensing of electrical 
signals or delivery of pacing signals at selected sites on the epicardium for analyzmg 
optimum sites at which cardiac electrodes aie anchored for supplying electrical 
pacing signals with maximum therapeutic benefit, and thereafter placing pacing or 
defibrillating leads into the myocardium at the optimum sites. 
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What is claimed is : 

1 . A method for fixing a cardiac electrode on the exterior of a patient's heart, 
comprising the steps for: 

temporarily positioning an electrode at target locations about the heart; 
sensing electrical signals on the electrode at different locations about the heart; 
analyzing a selected parameter from the electrical signals sensed on the 

electrode at the different locations; 
determining from the analysis of a selected parameter a preferred one of the 

different locations for attachment of a cardiac electrode; and 
fixing a cardiac electrode on the exterior of the patient's heart at the preferred 

one location. 

2. The method according to claim 1 in which temporary positioning of the 
electrode includes suction attachment to the epicardium with the electrode in contact 
therewith. 

3. The method according to claim 1 in which analyzing a selected parameter 
includes determining the maximum interval between left and right ventricular 
contractions. 

4. The method according to claim 1 in which analyzing a selected parameter 
mcludes determining a maximum depolarization interval. 

5. The method according to claim 1 in which fixing the cardiac electrode includes 
forming temporary suction attachment to the epicardium with the cardiac electrode 
retained thereby at the preferred one location; and 

fixing the cardiac electrode to the preferred one location on the epicardium. 

6. The method according to claim 5 in which fixing the cardiac electrode includes 
rotating a helical distal end thereof into the epicardium in response to rotation of the 
cardiac electrode from a location therealong proximal the distal end thereof and 
spaced away from the patient. 

7. A method for fixing a cardiac electrode on the exterior of a patient's heart, 
comprising the steps for: 

temporarily positioning an electrode at different target locations about the 
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heart; 

supplying pacing signals to the electrode at each target location; 

detecting activity of the patient's heart in response to pacing signals applied 

thereto at each target location; 
analyzing the detected activity to determine a preferred one of the different 

locations for applying pacing signals; and 
fixing a cardiac electrode on the exterior of the patient's heart at the preferred 

one location for supplying pacing signals thereto. 

8. The method according to claim 7 in which temporary positionmg of the 
electrode includes suction attachment to the epicardium with the electrode in contact 
therewith. 

9. The method according to claim 7 in which analyzing the detected activity 
uicludes monitoring one of mitral valve regurgitation and fraction of volume ejected 
in response to applied pacing signals. 

10. The method according to claim 7 in which fixing a cardiac electrode includes 
forming temporary suction attachment to the epicardium with the cardiac electrode 
retained thereby at the preferred one location; and 

fixing the cardiac electrode to the preferred one location on the epicardium. 

11. The method according to claim 10 in which fixing the cardiac electrode 
includes rotating a helical distal end thereof into the epicardium in response to rotation 
of the cardiac electrode from a location therealong proximal the distal end thereof and 
spaced away from the patient. 

12. Apparatus for performing a surgical procedure on the heart of a patient through 
a working cavity in tissue between the heart and an entry incision, the apparatus 
comprising: 

an instrument including a guide channel that houses a cardiac lead to extend 
between distal and proximal ends thereof, and including a suction port 
positioned on the distal end of the instrument for contacting a target site 
on the heart; 

a suction channel within the mstrument connected to the suction port and 
disposed to connect to a source of suction; 
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at least one electrode disposed on a surface of the suction port that contacts the 
heart; 

the guide channel being reconfigurable to release the cardiac lead therefrom for 
leaving the cardiac lead anchored to the heart as the' instrument is 
removed away from the cardiac lead. 

13. Apparatus according to claim 12 in which the guide channel is axially slidable 
relative to the suction port for extending a distal end of the cardiac lead to contact the 
heart. 

14. Apparatus according to claim 12 in which the guide chaimel includes an 
elongated slot extending between distal and proximal ends thereof for selectively 
releasing the cardiac lead retained therein. 

15. Apparatus according to claim 14 in which the elongated slot is exposable by 
proximally sliding an upper segment of the guide channel relative to a lower segment 
thereof that is positioned relative to the suction port for exposmg the slot in the lower 
segment between distal and proximal ends thereof. 

16. Apparatus according to claim 12 in which the one electrode on said surface of 
the suction port is connected to a conductor that extends between the distal and 
proximal ends of the instrument. 

17. Apparatus for performing a surgical procedure on the heart of a patient through 
a working cavity in tissue between the heart and an entry incision, the apparatus 
comprising: 

an endoscopic cannula configured for passing through the entry incision and 

working cavity toward the heart; 
a suction attachment supported by the endoscopic cannula for contacting a 

target site on the heart under visualization through the endoscope; 
. an electrode positioned on a surface of the suction attachment that is disposed 

to contact the heart; and 
a support chaimel for a cardiac lead that is disposed on the suction attachment 

and that is selectively configurable as a closed channel for confining a 

cardiac lead therein or as an open channel for releasing a cardiac lead 

therefrom. 
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18. Apparatus according to claim 17 including a conductor connected to the 
electrode and extending along the support channel to a proximal end thereof for 
connecting the electrode to a utilization circuit. 

19. A surgical procedure for the placement of a cardiac lead in the heart of a patient 
under visualization through an endoscope by a delivery device including a cardiac 
lead clamp, a guide channel and a needle and at least one angled suction port at the 
distal end of a closed cannula of the delivery device, the surgical procedure 
comprising: 

attaching the suction port of the delivery device to the patient's heart in 

response to applied suction for stabilizing the delivery device against the 
surface of the heart; 

advancing the needle forward from the delivery device to create an incision in 
the heart; 

clamping the cardiac lead into place by the cardiac lead clamp; 
advancing the guide channel containing the cardiac lead along the needle into 
the heart incision; 

visualizing through the endoscope the placement of the cardiac lead into the 

heart; 

anchoring the cardiac lead to the heart; 

removing suction to release the delivery device containing the needle and guide 

channel from the heart; 
unclamping the cardiac lead from the cardiac lead clamp; 
removing the guide channel from the delivery device while withdrawing the 

needle from the heart; 
removing the delivery device from the patient; and 

removing the endoscope assembly from the patient while leaving the cardiac 
lead securely anchored in the heart. 

20. The surgical procedure of claim 19 wherein anchoring ftirther comprises: 
rotating the cardiac lead from a location proximal the distal end and thereof 

spaced from the patient. 

21 . The surgical procedure of claun 19 wherein visualizing ftirther comprises: 
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partially withdrawing the guide channel sufficiently to expose a position of the 
cardiac lead near the distal end thereof. 

22. An apparatus for the placement of a cardiac lead in a heart of a patient, the 
apparatus comprising: 

an endoscope assembly to provide visualization during placement of the 
cardiac lead; 

an instrument channel eccentrically attached to the endoscope assembly; and 
a deUvery devices for delivering and placing a cardiac lead in a heart of a 

patient, the delivery device comprising: 

a housing; 

an elongated body attached to the housing and extending distally 
therefrom; 

a needle slidable along the elongated body for insertion uito a heart; 
a clamp disposed within the housing for selectively grasping the cardiac 
lead; 

an. actuation arm sUdable disposed within the housing; and 

a guide channel attached to the actuation arm and slidable along the 

needle to contain a cardiac lead during placement of the cardiac 

lead into the heart. 

23. The delivery device of claim 22 wherein the elongated body further comprises: 
at least one angled suction port at the distal end of the elongated body for 

suction attachment to the surface of the heart. 

24. The delivery device of claim 22 wherein the guide channel is angled at the 
distal end. 

25. The delivery device of claim 22 wherein the guide channel is disposed to 
selectively confine the cardiac lead. 

26. The delivery device of claim 22 wherein the guide channel is a substantially 
hollow tubular body. 

27. The delivery device of claim 22 wherein the guide channel is a substantially 
planar body. 

28. The delivery device of claim 22 wherein the needle is a substantially hollow 
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tubular body. 
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